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(71> We. EtLiOTT Brothers 
(London) Limited of Marconi Hcwsc. New 
Street, Chelmsford, Essex. CMI IPL, for- 
merly of Century Works, Lewisham, Lon- 
5 don, S.E.13, a British Company, do hereby 
declare the invention, for which wc pray 
that a patent may be granted to ns, and 
the method by which it is to be performed, 
to be particularly described in and by the 

10 following statement: — 

This invention relates to rotary elec- 
tromagnetic devices of the type kiwwn as 
synchros as are employed, for example, for 
translating a mechanical positicm or motion 

15 into electrical information or vice versa, 
such devices comprising essentially a 
woimd rotor and stator. the latter having 
windings so arranged that, when the rotor 

_ wmding is supplied willi altemadne cur- 

20 rent, they can be used to provide an out- 
put which is deperutott upon die angular 
position of the rotor with respect to the 
stator» or alternatively can bo used for 
feeding into the device an input which 

25 determines the angular position of the 
rotor. 

Such devices as originally constructed 
commonly made use oi brudies and slip 
rings for supplying current to the rotw 

30 winding; however the resultant fricticm was. 
for some applications at least, found to be 
detrimental to the satisfactory operation of 
the devices, and consequently a number of 
syndiros have been proposed in which, the 

35 need tor brushes and slip i^sgs avoided. 
Thos in <me foan of sodtt a brushless 
synchro, as they are generally known, the 
lotor and stator carry additional in- 
ductively coupled windings whidi act, in 

40 effect, as a transformer, the additional 
lotor wmding being connected to the main 
synchro rotor winding, and the additicmai 
stator windmg being provided with ter- 
minals for counecdon to an alternating cor- 

45 rent supply. 



60 



The core structure of the transformer in 
such brushless synchros comprises two 
concentric sections of a ferromagnetic 
metal, sudi as steel, suitable for carrying 
tile magnetic flux, fixed to tiie main 50 
synchro housing and to the rotor shaft res- 
I)ectively, the stationary and rotaimg sec- 
tions being separated by a small annular 
air gap; hitherto the core sections have 
been constructed as solid metal elements 55 
for ease of manufacture and in view of the 
small dimensional tolerances allowable. 

According to the present invention in a 
brushless synchro incorporating a trans- 
former comprising a stator secUon and a 
rotor section for supplying current to the 
synchro rotor winding, the two sections of 
the ^ transformer being concentric, a core 
section of the transformer comprises a 
plurality of axiaDy and radially extending 65 
laminations, supported in angularly spaa:d 
rdationship by an electrically insulating 
bonding agc»it, for example a thermosettirm 
synthetic resin. 

In. sucih a brushless synchro the trans- 70 
fonner is found to give a better electrical 
performance, particnlariy as resards iron 
losses, phase shift of output voltage, and 
no load current and can readily be con- 
structed using laminations stamp^ and an- 
nealed in accordance with known tedi- 
ni^ues, the laminations being assembled in 
a jig and secured togetiier by said bonding 
agent in a suitably shaped mould to form 
a solid unit, which can subsequoitiy be 80 
machined, if necessary, to correct dimen- 
sional limits. 

The invention also provides a n*ethod of 
manufacturing a core section of the trans- 
former of a brushless synchro according to 85 
the invention includmg the steps <rf sup-" 
porting the laminations in a nxnild with 
the said angulariy spaced relationship, and 
introducing a thermosetting epoxy resin 
mto the mould and curing the resin to 90 
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WOTTB the laminatioos together and form a 
ligia stnictuie. 

Any convenient means may be provided 
for sapiwrtmg the laminations in the 
5 mould imor to die introduction of the bon^ 
ding agent For example the wall of the 
mould or a separate jig wiihin the mould 
iJ^y be provided with locating recesses 
mich aoconum^date parts d tiie lamina- 
10 tions so as to support the latntwp%ng ^tjj 
the said angularly spaced relationship. The 
parts of the lammations which fit hzto the 
locating recesses may m some cases be 
provided by lugs on the iflmf^ ftfinng which 
15 can be removed from the completed stroo- 
ture. for orample by madbmwg. foflowmg 
Its removal from the mould. 
^ In a bnishless synchro acooiduM to tiie 
™^tion the rotor section of the trans- 

20 former conveniently indudes a core section 
compnsing a plurality of U-shaped lamina- 
tions disposed in aogulaily spaced 
relationship around the rotor shaft wifiiSe 
*^ ^ extending radially outwards. 

• 25 The base portion of each U-shapcd lamma- 
tion is oonvcnicntiy in the fonn of a 
Jteatght strip with the two Ihnbs iHt>jecting 
from die ends of the strip at tight angles 
thereto and m the plane of the strip. Thus 

30 m Its assembled form such a core section 
wm consist essaitially of a hdlow wto- 
ctacal stem formed by the base portions of 
the lammations and designed for mountmg 
on the rotor shaft, a^d havmg at each end 

35 an outwardly directed drculai flange for- 
med by the radially extendmg Ihnbs. Ihc 
transformer rotor winding will then be 
wound around the stem between the two 
l^d flwiges, the flux pa& being complete 

w i&rou^ the stractme. whil^ lie lammajled 
construction win sipiificantly reduce the 
iron losses compared with those produced 
m the solid core sections previouslv em- 
ployed. ^ 

45 In a brushless synchro accoiding to the 
mvention the stator section of the trans- 
f<Mmer may mdude a core section com- 
pnsuig a plurality of L-shaped laminations 
arranged with one limb directed Tadjafly 

w inwards and the other limb extendmg m an 
azial dhection, the lammations being sup- 
ported in the said angularly spaced 
lebtionship by the bondhjg agent to form 
a hollow cylhidrical shell with an inwardly 

55 directed flange at one end. The transformer 
stator wmdmg is located withm the shell 
and the assembly is completed by the at- 
tachment of a ferrom^netic disc to the 
open end of the structuxe so as to com- 

60 plete the flux path. This disc may be solid 
or have a laminated construction. 

Alternatively, in a brushless synchro in 
accordance with the invention the states 
section of the transformer nay inchide a core 

dS secticm comprisuig a pluiali^ of U-shaped 



laminations secured togeflier by said bcm- 
dmg agent in said angulady spaced 
relationship with the limbs of the U 
directed radially inwards, and the bases of 
die laminations providing a hollow cylm- 70 
drical shell, the stator wmding bemc 
looaited within the shdL 

Mth such an anangemcm the stator 
wmdmg is pre-wound, the U-shapcd 
lammations bein^ assembled around the 
cofl wifli the hmbs of the U directed 
radial^ inwards, and then secured to each 
other and to* the winding by die bonding 
agent so that the windmg and laminations 
form a oompiete moulded assembly. Such ^ 
a constmction avoids the need for a 
separate end disc and makes the stator as- 
semWy a more solid construction. 

It may in some cases be found that a 
oo^ng e££BCt is pcodnoed at die air-gap 95 
surfaces between the rotor and stator 
seoions due to the ends of die lammations 
This disadvantage can be substantially 
avoided by providing a ring of fenomag- 
netic material having a smootii sur&ce ^ 
around the periphery of each of the two 
flanges at the ends of the rotor core seo- 
faon. A shnilar ring may be secured within 
me openmg in the <»: each flange formed 
by tile hxwardly directed lammations of die 85 
stator core. 

The invention is applicable to brushless 
syn^ros of all types, for example control 
symaaxos, torque synchros and resolvcrs. 

Qn^^rushless syncfaxos enmloymg a 100 
transformer utilising core sections con- 
Jfrwjd in acccHdaace with die mvention, 
together with its method of manufacture^ 
and two modifications thereof. wiU now be 
owoibed by way of wcample wifli 105 
rraerence to Hgures 1 to 3 of die accom- 
panya^g drawnm. m which Hgure 1 re- 
^esents an eziModed view in part section 

die synchro, showmg the construction of 

^J^J^S^SlI^ 2 and 3 show 110 

parts of modified core sections. 

The synchro ilhistrated m Hgure 1 com- 
prises essentially a rotor 1 and a stator 2 
^ch having a main winding 3. 4. respec- 
bvely, tiiese bemg of any suitable known 115 
form, and the rotor shaft 5 being journal- 
led in bearings 6 which are held in bearing 
housings 7 at the ends of die stator casing 
8 by C-springs 9. Leads 10 to tiie main 
stator vmding 4 are provided for enablmg 120 
an mput to be fed into the syndiro or an 
output to be taken tiierefrom. depend 
upon Its particular functioit 

ha order to liable an alternating current 
to be applied to die main rotor winding m 125 
use of the device there are provided 
furflifir rotor and stator windbgs 11, 12 
each associated with a core section 13, 14 
respwlively and together providing a con- 
cwtac transformer. The stator section of 130 
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the tramfonner is motmted within the cas- 
ing 8, input leads IS being provided for 
supplying an alternating current input to 
the transfonner stator winding which con- 

5 stitutes the primary of the transfonnef . 
Tbt rotor section of the transformer, is 
mounted on the rotor shaft, the trans- 
forms rotor winding constituting the trans- 
former seccmdary ^d being connected to 

10 the main synchro rotor winding 3 by leads 
16. 

In accordance with die invention the 
rotor core section 13 is formed from a 
number of U-shaped laminations 18 
15. uniformly spaced around the rotor axis 
widi the limbs 19 of the U extending 
radially outwards, the laminations being 
held together in tiieir angularly spaced 
rdation&p by a suitable bonding agent to 
BO form a rigid structare. The base 20 of each 
U-shaped lamhiation is in the fonn of a 
straight strip with &e two Ihnbs e^teiiding 
at right an^s to the len^ of the stdp so 
that the assemUed strucluie ocHnprises a 
25 hollow central stem haying an outwardly 
directed flange 25, provided by the limbs 
of the laminations, at each end, the trans- 
former lotor winding 11 behig womid' 
around the central stem between the two 
30 end flanges as shown. 

In the manufacture of the rotor core sec- 
tion the individnal laminations^ which can 
be stamped from a steel sheet and an- 
nealed in known manner, are assembled in 
35 a jig in an appropriately shaped mould 
and siq)poiited thereby wilh a uniform an^ 
golar spacing. A themRM'^idng epoxy resin 
or other suitable b<m(&ig agent is thra 
introduced into th& monld and cured to 
40 secure the laminations together and form a 
rigid structure. 

The stator core section 14 is formed 
from a number of L^shaped laminations 21 
each arranged with the shorter limb 22 
45 directed raidially inwards and the longer 
limb 23 extending in an axial direction, the 
lanunadons being bonded together by an 
epoxy resin or other suitable bonding agent 
to form a solid structure as in the case of 
50 the rotor section, in this case however the 
structure is in the form of a hollow shell 
having an flTwular flange provided by the 
shorter limbs of the laaunations extending 
inwards at one end, the oHier end of the 
55 structure being open. The transformer 
stator wmding 12 is located witbm the 
shdl, and the core section is completed by 
the addition of a fenomagnetic disc 24 to 
die open end <tf the str uc t ur e as shown. 
40 the wnde assembly bem^ secured in posi- 
tion wrtflm the staitar oesang 8 m any suiit* 
able manner. 
. - In a modified constructicm illustrated in 
part in Hguxe 2 the stator core section 14 
45 is formed from a number of U-shaped 



laminations 31 having die limbs of the U 
directed radially inwards. The stator sec- 
tion can be constructed by pre-winding the 
stator winding 12 and then assembling the ^ 
U-shaped laminations around the winding 
with a uniform angidar spacing, and then 
moulding them in place with an epoxy 
resin or other suitable bonding agent so 
that the lammations and the wmdi^ f<nm 
a rigid assembly. 75 

In some cases it may be found that ends 
of the laminations produce a coggmg efiect 
at the air-gap surfaces between the rotor 
and stator cores. This is substantially 
avoided by the modiHed construction illust- 80 
rated in part in Figure 3. Jh this modifica- 
tion the periphery of each of the two 
flanges 25 at the ends of the rotor core 
section is surrounded by a smooth 
xdialively thin ring 32 ferromagnetic 85 
mateiiaL A shnilar ring is preferably then 
also provided wifliin die opeoing at the 
centre of the or eadi flange wfaidh is for* 
med by the inwardly Mtfmiiiwg gmbg of 
lihe BtadDr cose lanfitBftfiQns hi tiie anange* 90 
mesot iHnstiiaiBd in F^iuxe 1 or Rgnre 2» 
for example as indicated by the broken 
Imes 33 of Rguire 2. 

In die mannfacture of rotor or stator 
core sections employing soch rings the ring 95 
or liDgs are conveniendy supported in the 
required position relative to the lamina- 
tions widun the mould and secured to the 
laminations by the dieimosettmg epoxy 
reshi, 100 

In the assembled synchro the core sec- 
tions provide the magnetic drcuit of the 
transformer, the end pc^ons of the rotor 
and stator sections being separated by a 
small air gsip only, the remainder of the 105 
circuit being completed through the 
laimrnaiHons. The xi^d core structures . 
formed in aooordaiBoe witli Ifhe invraitkm can 
be machined, if necessary, to highly ac- 
curate dimensions as in the case of solid 
metal secticms employed hitherto, but 
because of their laminated structure the 
iron losses are reduced and the electrical 
performance of the transformer is hn- 
prorod. 115 



WHAT WB CLAIM IS : 

1. A brushless synchro incorporating a 
transformer comprising a stator section and 120 
a totox section for supplying current to the 
synchro rotor winding, die two sections of 
the transformer being concentric wherein a 
core section of the transformer comi^ises a 
plurality azially and radially extending 125 
laminations, supported in angularly spaced 
relationship by an electrically insidating 
bonding agent 

2. A brushless synchro according to 
Qaim 1 whexeui the electrically insulating 130 
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n!j«"^ brushless synchro acccMding to 
5 SrJLjLi ^^^y^ xotoi section S 
^^?5f*°™*^ a core section 

OOTiHMiflg a plurality of U-sl>a|)ed laS 
tarns secured tpgeticr by said boS 
™^ A ^BolaHy spaced relationship 
10 *H '^"5?' shaft, with tbc limbs of 

SfniL^"^ outwards, the 

tansformw rotor windii« snnotmdfai the 
«em of ae assemWy^twidoa bv te- 
bases of the lammations. ™^ 

whereia the paiphay of ea4 S 

n^.^ j™i«ioM is snnbunded by. 
a tenomagnetic nag secured to the lesoeci 

n«««"^ brnafalMs ^ndub according to 

S^l^ ^ sS of 

tte transfonncT indodes a one sectim 

wmads md^ tOar 

direcdon, the laanm^ 
tattbam ppponed m the said a^Sdy 
M 2?ftSl."'^°S^ ''y *^ bonding^t 
^y^'^^ sheniia m 
ZP^S^J^^ at one end: and a 
*« of factomagnetio material secured to 
tL^F^ end of the shell. 
35 ftf^if^SEJ™^ within- 
35 the shea betWMo the flat®? and the diT^^ 
f^^- « nnBUew ^mihio aocatdmg to 
Oam 5 wheiem the'diso has ft lSited 
construction. •• . .. 

40 nlj^^l' ''"shlws ;syndin> according to- 

tte temsfanno- includes a core section 
oMapnsmg a plnraBly of U-shaped hunma- 

4S «'if»8n»ariy spa<5ed n&ttcS 

^ ^ °f tfdSected 

mwards. so that the bases of the Si- 
tons provide a hollow tyliiidiical shdtfte 

brashless syndno according to 
Oaim 5 or 7 wherein a feirranagne&W 
»«oinwl witWn ttie opening^ fte « 
^ijlffllgj formed hy the inwardly 
dittcted bmbs of the core lainmatiom.^ 
ft» ^ niethod of Itorinmg die rotor sec- 
Wtt 0* «i» traoafonmer of & bmsUess 
^nduo according to Claim 3 inchi^^ 
rtqps of ttisembling the lammatiOTsin a 



ep(«y resin 

mto the mould and curing thVKsiii iSt 
^"^J^"^ and Sd a 

SfbSf^A- *«"^er rotor 

synchro accoiding to QainT ^ o^^^^ 
^ the s^f^^sS^ n 

T^^^i,!-^ T^j^ angoWy spaced 
qray resm mto the njould and cnriiis"^- 
^fom Si S Jlf^tions"'^ ?S 

serfM^rf rff*^ 5 *«°Nr the statnr 
swtion of the transfonneT^E a bmsM^ 
gncto. acwidrng to OairS^?. fadS^- 
J»«tt^ ptcwhiding the irSS 

^tto.hunhiations^flfS'ite 
wmdihgtofomaiigidstaictme. " 

rJJJ™ ?. w> 11 nheran Ibt wan of the 9* 

.»M»^nded with locating recesses- wMA 
?«~odate parts of the laminatio^^ 
as to rapport the laminationiSflrs^ 
«°g?lariy spaced rdationifliip. " ^ ^ . 
13. A method according to Oaiin 17 

SL«^°L^ lamiinatibfls. which Itte&B 
^wed from the completed ^Sm. los 
townig rts removal from the in<Sa ■ 
M. A bmdiless syndtoo silbstanliany as 

' . Fbr die Afiidicants. • • 

Haw. POPE; 
CharteTBd huent Agent 
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